Abstract. Extreme weather events, such as droughts and heat waves, are expected to become more severe and more frequent in the coming years, and understanding their impacts on demographic rates is of increasing interest to both evolutionary ecologists and conservation practitioners. An individual's breeding probability can be a sensitive indicator of the decision to initiate reproductive behavior under varying environmental conditions, has strong fitness consequences, and can be considered the first step in a life history trade-off between allocating resources for breeding activities or self-survival.
INTRODUCTION
Environmental variability influences population dynamics (Lewontin and Cohen 1969) and the evolution of reproductive strategies (Schaffer 1974 , Hastings and Caswell 1979 , Tuljapurkar 1990 , Orzack and Tuljapurkar 2001 . One important type of environmental variability is the occurrence of extreme weather events that arise from variation in temperature (e.g., heat waves) and precipitation (e.g., drought). These types of events can limit a species' distribution, abundance, and reproductive biology (McCarty 2001) , because such events influence the availability of resources, thereby altering the reproductive capacity of individuals (Rotenberry et al. 1995) . In this manner, extreme events create a selective pressure in which the resulting behaviors of individuals (e.g., forgoing breeding) have population-level consequences (Fletcher and Koford 2004) . Changes in the patterns of these events are expected to result in local extinctions .
Several geographic regions are projected to experience an increase in the duration and frequency of temperature and precipitation extremes in the coming years (Easterling et al. 2000 , IPCC 2007 . From 2000 From through 2001 From and 2007 From to 2008 , South Florida experienced two of the most extreme region-wide droughts in recorded history (Abtew et al. 2002 , Smith et al. 2003 . These droughts had substantial impacts on the reproduction and/or survival of multiple wetland taxa, including species of macroinvertebrates and fish (Trexler and Goss 2009 ), wading birds (Smith et al. 2003 , SFWMD 2008 , Snail Kites (Rostrhamus sociabilis plumbeus; Martin et al. 2008 , Reichert et al. 2010 , and alligators (Alligator mississippiensis; Fujisaki et al. 2011) . As in many other regions worldwide (IPCC 2007) , South Florida is expected to experience an increase in precipitation extremes (Mulholland et al. 1997 , Pearlstine et al. 2009 , and understanding the influence of 4 E-mail: breich@ufl.edu such events on reproductive vital rates, such as the likelihood of breeding, can help predict population responses to future climate change. Unfortunately, extreme climate events are, by definition, rare, such that it has proven difficult to understand their effects on wild populations. To address this challenge, long-term time series of demographic rates are required because such data allow for not only capturing potential extreme events, but also provide key information regarding demography in non-extreme years and the potential for lag effects to arise. Breeding probability is defined as the rate at which individuals within a population will attempt to initiate breeding behavior; this rate is often considered the first step to a life history trade-off between allocating resources for breeding or maximizing self-survival (Stearns 1992, Nichols and Kendall 1995) . In addition to parental care and nest success, breeding probabilities can be a necessary component for assessing reproductive effort (Nichols et al. 1994) , but this demographic parameter is difficult to estimate due to data limitations and is commonly assumed to be equal to 1 (e.g., Martin et al. 2008) . Nonetheless, breeding probabilities can provide critical information about behavioral responses to environmental conditions unobtainable with other reproductive measures, because if an individual does not attempt to breed, nest success and parental care behaviors are not possible.
Two common hypotheses for the observed patterns between harsh environments and the reproductive effort of long-lived species are (1) the restraint hypothesis (Erikstad et al. 1998, Orzack and Tuljapurkar 2001) and (2) heterogeneity in individual experience Monnat 2000, Desprez et al. 2011 ). According to the restraint hypothesis, individuals tend to maximize lifetime reproductive success by restricting annual reproductive effort to levels below that of their full potential, especially during early life stages (Stearns 1976) . This hypothesis predicts that during harsh breeding environments, when resources are depleted, young delay breeding (Tuljapurkar 1990 ) and adults skip breeding until conditions improve (Erikstad et al. 1998 ). An alternative explanation to the restraint hypothesis is that an individual's experience determines whether or not they attempt to breed (Desprez et al. 2011 ). This hypothesis predicts that, if the ability to perceive harsh environments is learned over time, less experienced individuals (e.g., young) may not restrict their breeding attempts during extreme weather conditions. While the two hypotheses differ in regards to the predicted levels of reproductive effort of young individuals, both assume a cost of reproduction on survival.
Most predictions from life history theory are rooted in the concept of ''trade-offs'' (Stearns 1989) . The cost of reproduction is a life history trade-off fundamental to the hypothesis of reproductive effort (Williams 1966) . Individuals that do not restrict reproduction in response to harsh environments are expected to experience an exacerbated cost of reproduction on subsequent survival. However, this pattern may not be observable if significant heterogeneity exists within the quality of individuals. In other words, individuals of higher quality (i.e., higher intrinsic survival rate) may have a greater tendency to attempt breeding regardless of environmental conditions, while those of lower quality may consistently constitute the majority of the nonbreeding portion of the population (Cam et al. 1998) . Regardless of quality, an individual's level of experience could help them avoid additional costs to survival associated with attempting to breed during harsh environmental conditions. Few empirical studies have assessed the role of experience in mitigating the potential impacts of extreme weather conditions on survival of wild populations (but see Barbraud and Weimerskirch 2005, Wilson et al. 2007) .
The Snail Kite is a long-lived species with individuals recently observed nesting and successfully reproducing up to 18 years of age (Reichert et al. 2010) . Its life history patterns include relatively high, stable adult survival, variable juvenile survival, and low annual fecundity rates (Nichols et al. 1980) . Such patterns are associated with populations whose reproductive output is closely tied to environmental stochasticity (Schaffer 1974 , Nichols et al. 1980 . Dry conditions cause apple snails (Pomacea spp.), their primary food resource, to aestivate, effectively decreasing resource availability to foraging Snail Kites (Bennetts and Kitchens 1997a) . Although survival and reproductive output are thought to be strongly affected by resource availability through local hydrology (Beissinger 1995) , explicit tests for how reproductive effort varies in response to environmental conditions are sorely lacking.
We used a long-term mark-resight data set (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) to compare the impact of two severe droughts on breeding probabilities and conditional survival between experienced and inexperienced individuals within an endangered population of Snail Kites (Rostrhamus sociabilis plumbeus) in Florida, USA. We used a multistate, robust-design modeling framework that accounts for uncertainty in breeding state, a common source of uncertainty that is often ignored when states are based on field observations (Kendall et al. 2012) . We predicted that extreme droughts would reduce the breeding probabilities of adult Snail Kites. Given that juvenile kites tend to be susceptible to drought conditions (Dreitz et al. 2004 , Martin et al. 2008 , their ability to perceive harsh breeding environments may be learned with experience. Therefore, we expected that breeding attempts by young would not decrease during extreme drought conditions, in accordance with the heterogeneity in experience hypothesis. Assuming that reproduction is costly to Snail Kite survival, we expected that breeding individuals would have decreased survival probabilities compared to nonbreeders, which would become further exaggerated during periods of extreme drought.
METHODS
Snail Kites were banded just prior to fledging (18-27 days post-hatching) from 1976 through 2008. From 1996 to 2009, the entire Snail Kite breeding range was systematically surveyed via airboat during four to six intra-annual survey occasions as part of a long-term monitoring project of the Snail Kite subspecies population in Florida, USA (Bennetts and Kitchens 1997a) . The timing of surveys corresponded to the height of the Snail Kite breeding season (28 February-30 June). Individuals were identified by alphanumeric, colored leg bands that could be identified in the field with the use of a spotting scope. At this time, information on breeding behavior was collected for all resighted individuals.
An individual was recorded as attempting to breed if they were observed actively displaying breeding, nesting, or courtship behavior (see Plate 1). For the purpose of this study, we defined ''attempting to breed'' as a decision process with a behavioral outcome. An individual begins to reallocate energetic resources for breeding long before egg-laying is initiated. Even before pair bonds are established, an individual must make the decision to breed. As individuals cope with a limited energetic resource, energy that is invested into courtship (e.g., display and nest construction) limits the time and effort available to forage for self-survival (Stearns 1989) . This is especially relevant for male Snail Kites that may initiate courtship and build nests for as many as five separate females (Bennetts et al. 1998) .
Only individuals captured and banded as nestlings were included in our analyses, which limited our sample to known-age Snail Kites (1717 individuals and 2352 recaptures), but allowed for tests of stage-specific breeding probabilities (i.e., ''young to breeder'' vs. ''nonbreeder to breeder''). ''Young'' Snail Kites (,1 year old) are considered to be potential first-time breeders one year post-fledging (Bennetts et al. 1998) . Once an individual has become an adult (one year or older) it may decide to attempt breeding during any given year.
Statistical model
We utilized a multistate mark-recapture model in the framework of a closed robust design (CRD) that adjusts for bias attributed to uncertainty in classification of individuals into a particular breeding state (Kendall et al. 2012 ; see also Kendall et al. 2003 , 2004 , and Pradel 2005 . As in the CRD, multiple secondary sampling occasions j (range-wide surveys), which are conducted within each primary session i (years), are used to estimate the probability of detecting a breeding (B) or nonbreeding (N) individual ( p B ij or p N ij , respectively), and the probability of detecting if an individual is breeding, given the individual was detected ( d B ij ) separately (Kendall 2004) . Secondary sampling detection parameters were used to derive detection probabilities for the primary sessions. To avoid problems with parameter estimation, we collapsed surveys down to two intraannual efforts. The closure assumptions of this model are similar to those of the original CRD (Pollock 1982). Kendall (1999) outlines specific cases when these assumptions can be relaxed without introducing additional bias. To meet the assumptions of geographic and demographic closure within primary sessions, the end of the first secondary sampling period for each year occurs after all individuals have come into the sampling area (Kendall 1999) .
Adjusting for state uncertainty bias is important when an individual's state is determined based on field observations and the assignment of an individual to a biological state is less than perfect. For example, in this study the breeding state of an adult Snail Kite was determined through field observations based on Snail Kite behavior. Individuals observed demonstrating reproductive behavior could be unambiguously classified as attempting to breed. Individuals that were not exhibiting these behaviors were classified as state uncertain, or apparent nonbreeder, but in reality may in fact be breeding or nonbreeding. This scenario is similar to the one presented in Kendall et al. (2004) , in which adult female manatees were designated as breeders with complete accuracy due to the presence of an attendant calf, while females without calves are apparent nonbreeders. In both cases, not accounting for uncertainty in state assignment can produce breeding probabilities that tend to be biased low and underestimate the difference in survival probabilities between breeding states (Nichols et al. 1994 , Kendall et al. 2003 , 2004  i.e., the cost of reproduction on survival).
State uncertainty models treat individuals whose breeding status is not known with complete accuracy as a two-point mixture. The likelihood accounts for the probabilities associated with both breeding states (Appendix A). In a scenario with two breeding states, breeder and nonbreeder, where misclassification is unidirectional (i.e., only individuals observed displaying breeding behavior are known to be attempting to breed with certainty), the mixture is comprised of both nonbreeders and breeders who were not actively exhibiting breeding behavior when they were observed in the field. For complete model explanations see Kendall et al. (2012) .
We implemented the model in program MARK 6.0 (White and Burnham 1999) , defining three states: young (Y), nonbreeder (N), and breeder (B) (Fig. 1) . Because it is impossible for young birds to remain young, or for nonbreeders or breeders to become young, we precluded those transitions (i.e.,w YY ¼ w NY ¼ w BY ¼ 0). Additionally, since young birds were banded at the nest and their breeding state known with complete accuracy, we were able to fix their probabilities of detection ( p To test for parsimony among the remaining nuisance parameters (i.e., probabilities of detection and correct classification of breeding state), we compared models that held parameters constant to those that allowed parameters to vary by time (both during primary periods and secondary sampling occasions).We modeled Snail Kite breeding probabilities as a function of regional drought conditions that occurred just prior to the Snail Kite breeding season. The Palmer Drought Severity Index (PDSI) is a commonly used drought indicator that incorporates a suite of current and historical trends in soil moisture, temperature, and precipitation (data available online).
5 We tested for a general effect of drought conditions on breeding probabilities using a model that constrained breeding probabilities as a linear function of the three-month average (November, December, January) of PDSI for Florida's Region 5 (data available online).
6 Values of PDSI ranged from 1.85 to À3.01 (Appendix B); more negative values equate to more ''severe'' drought conditions. We compared the fit of ''PDSI models'' to a fully time-dependent model, in which breeding probabilities were allowed to vary by year, and a model which assumed breeding probabilities were constant across years. The slope estimates and their 95% CI's were assessed for the significance of the covariate, PDSI.
To test for the effects of only the most extreme droughts on Snail Kite breeding state transitions (w) and survival probabilities (S ), we used categorical drought models based on known droughts with drought frequencies of a 100-year return period, which included years 2001 (Abtew et al. 2002 . These years also corresponded to the years in which conditions preceding the Snail Kite nesting season were the most severe according to PDSI (À2.39 and À3.01, respectively). Using Akaike information criterion (AIC), we compared the fit of these models to null models in which drought effects were assumed equal for breeders and nonbreeders. To test for the potential cost of reproduction on future breeding (Nichols et al. 1994) , we also contrasted models that allowed for breeding probabilities to vary one year post-drought. To test whether experience influenced the probability of individuals attempting to breed during extreme drought conditions, we used categorical drought model(s) to compare the estimated breeding probabilities of adults (breeders and nonbreeders) to those of first-time breeders (young, 1 year olds).
All models assumed that survival of young Snail Kites was different than adults and varied between drought and non-drought years (Reichert et al. 2010) . To test for the effect of breeder state on survival, we compared the fit of breeding state-dependent models to those that constrained survival to be the same for all adults regardless of reproductive status. Because the probability of transitioning from a nonbreeder to a breeder (w NB ) is conditional on the individual first surviving as a nonbreeder, the impact of that transition on survival can be assessed by comparing the state-specific survival probabilities for the following time interval (Fig. 1) . Accordingly, we compared the survival of breeders and nonbreeders during the year following droughts as a test for the direct costs of reproduction (Nichols et al. 1994, Nichols and Kendall 1995) .
There is currently no formal test available to evaluate the goodness of fit of models in the robust design or with state uncertainty. Therefore, we explored lack of fit issues by applying the medianĉ (variance inflation factor) approach, a simulation-based approach to estimating lack of fit, based on the multistate model (with no state uncertainty) in program MARK (White and Burnham 1999) . Because the state uncertainty model is more general than a multistate model that ignores state uncertainty, we assumed this medianĉ will provide an upper bound on the quasi-likelihood adjustment for lack of fit.
RESULTS

Detecting and classifying breeders
Based on model selection (Appendix C), the probabilities of detection ( p B ij ) and correctly classifying a breeding kite, given it was detected (d (within a single breeding season) (Appendix D). Detection probabilities generally increased over the 13 years, coincident with declining population sizes (Martin et al. 2007 ). Correct classification of breeding status generally declined within each year as the breeding season progressed (Appendix D), likely due to a shift away from conspicuous breeding behaviors (e.g., calling, courtship display, mating, and nest building). During the 2009 breeding season, the average probability of an individual being detected at least once was 0.943, and given a breeder was detected at least once, the average probability its breeding status was correctly classified at least once was 0.612.
Drought conditions and breeding probabilities
The PDSI model fit better than the time-dependent model ( Table 1 ), suggesting that Snail Kite breeding probabilities are likely influenced by region-wide drought conditions. The PDSI model assumed a partial interaction in which the breeding probabilities of breeders and nonbreeders had similar relationships with PDSI (i.e., equal slopes; different intercepts) compared to young (b PDSI.ADULT ¼ 0.64, 95% CI ¼ 0.41 to 0.87). Similar to the estimates from the categorical drought model, conditional breeding probabilities were significantly lower for nonbreeders and young compared to breeders for all years of the study (Fig. 2a) .
Effects of extreme drought on breeding probabilities
Model selection indicated that extreme droughts had substantial effects on Snail Kite breeding probabilities, as both models receiving strong AIC weight included breeding state-dependent drought effects ( Table 2) . As predicted by the heterogeneity in experience hypothesis, breeding probabilities of adults (both breeders and nonbreeders) declined during extreme droughts, while those for young did not. Surprisingly, the probability of young attempting to breed during droughts actually increased (Fig. 2b) . Models including a lag effect of extreme droughts on breeding probabilities received no model weight (Appendix C).
Comparing the results of the PDSI model and those of the categorical drought models, the relationship in conditional breeding probabilities between extreme drought years and non-drought years were similar. However, estimates of breeding probabilities for young from categorical drought models were higher than those of the PDSI model (Fig. 2a, b) . Presumably, this was because estimates from the PDSI model were scaled as a linear function of drought conditions for all years, whereas estimates from categorical years (extreme drought vs. non-drought) were not restricted to a linear relationship.
Effects of extreme drought on conditional adult survival
The two most parsimonious models assumed that adult survival was drought-dependent and conditional on an individual's breeding state. In contrast to our expectations, we did not find evidence for survival costs of breeding, as adult survival was the same for both breeders and nonbreeders during non-drought years. Furthermore, individuals who attempted to breed during extreme droughts had higher probabilities of survival than those who did not attempt to breed (Fig.  2c) .
Goodness of fit
We ran a multistate model in MARK, using the state structure described in Fig. 1, assuming Notes: Breeding probability in all models is conditional on an individual's breeding state during the previous year. Model 1 received all of the Akaike weight (w i ) and assumed different linear relationships between PDSI and the breeding probabilities of experienced kites (i.e., adults) compared to young (,1 year old). Abbreviations are: Akaike information criterion (AIC); b PDSI , slope coefficient term for the effect of PDSI; b PDSI.ADULT , partial interaction coefficient for the effect of PDSI and adults (breeders and nonbreeders) vs. young; model (.), constant; and NA, not applicable. For slopes, the 95% CI appears in parentheses.
lations (Blue Petrels Halobaena caerulea [Barbraud and Weimerskirch 2005] , Black-legged Kittiwakes Rissa tridactyla [Desprez et al. 2011] ); however, none of these reports focused directly on the impacts of extreme climate events. In addition, our data encompassed the entirety of the population's breeding range, thereby allowing for inferences at the population level.
Based on life history trade-offs (Stearns 1989) , some theoretical models predict that reproductive effort in long-lived species should become fixed over time (Williams 1966) , especially when environmental variation is unpredictable (Schaffer 1974 ). Yet others suggest that highly variable environments may select for flexible reproductive effort (Erikstad et al. 1998, Orzack and Tuljapurkar 2001) . Our results provide empirical evidence that experienced individuals may persist through difficult breeding conditions by forgoing breeding attempts and allocating remaining resources towards their own survival (e.g., Erikstad et al. 1998) .
In contrast to adults, young Snail Kites did not restrict, but rather increased, their likelihood of breeding Table 1 , in which breeding probabilities are a function of the Palmer Drought Severity Index (PDSI) for Florida, USA, Region 5 (three-month average, Nov-Jan). (b) Effects of ''extreme drought'' on conditional Snail Kite breeding probabilities. Estimates and 95% confidence intervals were obtained from model 1, Table 2 , in which breeding state-specific drought effects correspond to extreme drought years, which also received the lowest value for PDSI. (c) Effects of ''extreme drought'' on breeding-state-dependent Snail Kite survival probabilities. Survival estimates and corresponding 95% confidence intervals of breeding and nonbreeding Snail Kites from model 2, Table 2 . ''Breeder'' stage includes both first-time breeders and experienced breeders. ''Nonbreeder'' includes pre-breeders and skip-breeders. ''Post-drought'' survival is conditional on the individual's breeding state during ''drought'' [i.e., Pr(S post-drought j w drought )].
during droughts. This contradicts the assumptions of the restraint hypothesis, in which young individuals of longlived species would be expected to forgo breeding attempts during harsh conditions when resources are limiting, and is consistent with the hetereogeneity in experience hypothesis. Two alternative mechanisms regarding variation in experience may explain this pattern. First, this pattern may reflect the inexperience of young kites and their inability to perceive the additional risks associated with breeding during drought conditions. Second, decreased breeding probabilities for younger compared to older kites during relatively ''normal'' hydrologic years (PDSI between À1.92 and 1.85) suggest that kite reproduction in general may be resource-limited and possibly near capacity. Older and more experienced kites may behave in a somewhat despotic nature (sensu Fretwell 1972), in which they actively limit the ability for younger kites to breed during non-drought years. In some cases, territorial behavior at both feeding and nesting locations has been documented (Sykes et al. 1995) . However, kites are considered gregarious, semicolonial, and nonaggressive (Sykes et al. 1995) . Robust analyses of territoriality are lacking, and the role of density dependence in limiting Notes: Both models assume breeding probabilities to be conditional on an individual's breeding state (B, breeder; N, nonbreeder; and Y, young [,1 year old] ) during the previous year, and that survival differed (6 ¼) between young and adult (!1 year old) Snail Kites. Drought effect (DE) is categorical and assumes that rates during years identified as ''extreme droughts '' (2000/2001 and 2007/2008) are different from other years. Post-drought effect (PDE) is also categorical and assumes that rates during one year following extreme droughts (2001/2002 and 2008/2009) reproductive effort is unclear and requires further investigation.
Extreme drought and costs of reproduction
If costs of reproduction influence the decision to breed, one might expect to observe decreased rates of survival and/or subsequent breeding probabilities for the breeding proportion of a population (Clutton-Brock 1984 , Nichols et al. 1994 , which may become exacerbated during harsh environmental conditions. Contrary to these predictions, adult survival was the same for breeders and nonbreeders for all years except immediately following droughts, when the survival of breeders was actually greater than that of nonbreeders. Similarly, breeding individuals were more likely to continue breeding than nonbreeders were to start breeding (Fig.  2a, b) for all years of the study. Therefore, we did not find evidence for costs of reproduction on survival or subsequent breeding.
Although costs of reproduction have been documented in natural populations (for a review see Reznick 1985) , our results support a growing body of work that have reported positive relationships between reproductive effort and both survival and subsequent breeding probabilities in avian populations (Cam et al. 1998 , 2002 , Cam and Monnat 2000 , Barbraud and Weimerskirch 2005 , Sedinger et al. 2008 , Desprez et al. 2011 , suggesting that these two processes are probably not mutually exclusive. In some cases, the cost of reproduction at the population level can be masked by the heterogeneity in the quality among individuals (Vaupel and Yashin 1985, Lescroel et al. 2009 ). The lack of evidence for costs of reproducing on survival may be a limitation of studies focused on observed breeding behavior, in which the energetic investment in attempting to breed may not be great enough to result in decreased survival compared to other measurements used to approximate reproductive effort (e.g., clutch size; Orzack and Tuljapurkar 2001) . Nonetheless, the observed patterns in breeding state-dependent survival and breeding probabilities of Snail Kites are indicative of a heterogeneous population with two distinct subpopulations of adult breeders and nonbreeders, where nonbreeders are of lower quality (Vaupel and Yashin 1985) ; a condition which precludes their ability to breed. Similarly, those that attempt to breed, especially during extreme drought, appear to be of higher quality. Based on our results, including individual variability in future survival analyses is warranted.
The Everglades have been shaped in part by the recurrence of extreme weather events (DeAngelis and White 1997). In response, the life history strategies of endemic populations have evolved to accommodate these events (DeAngelis and White 1997) . Snail Kites are thought be resilient to the natural patterns of environmental extremes through their ability to disperse to areas of more suitable habitat (Bennetts and Kitchens 1997b) and to initiate multiple broods when conditions are favorable (Beissinger 1986 ). Our results provide empirical evidence that experienced kites cope with variable environments by limiting reproductive effort during harsh conditions. In contrast, inexperienced birds may not yet have learned this behavioral adaptation or may be relegated to breeding only during unfavorable environments. However, we also found that the portion of young who chose to breed during droughts had similar survival rates to adults.
A substantial lack of recruitment in recent years (Martin et al. 2008 ) and an increased mortality in older kites (Reichert et al. 2010) suggest that a growing proportion of the current kite population may consist of younger, inexperienced individuals. Similar to many wetland-dependent, endangered populations, the Snail Kite in Florida is negatively affected by a number of human-induced processes driven by an increased demand for water resources (Martin et al. 2008) . Evidence suggests that the period between drying events may already be shortening (Martin et al. 2008) , and global climate models predict that this trend will continue (IPCC 2007) . Understanding the relationship between extreme droughts and breeding probabilities provides insight into behavioral responses to such perturbations. This information will help to refine predictions about how populations might respond to an increase in the frequency of periodic environmental disturbances, an important consideration for population viability analyses (Beissinger 1995) .
We have shown that extreme weather events can have an impact on the breeding probabilities of a wild avian population. This effect may be an important mechanism limiting reproduction and/or population growth. For example, Frederiksen et al. (2008) demonstrated that additional process variance in survival arising from extreme events negatively affected population growth rate in European Shags (Phalacrocorax aristotelis). We suggest that predictive conservation tools used to assess extinction risks of populations under competing climate scenarios take into consideration variation in breeding probabilities and the potential for extreme weather to limit reproductive effort.
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